An experiment was conducted at Agricultural Research Station Buner in summer 2014 to study the effect of plowing time i.e. in dark (at night) and in sunlight (at day) and sowing time i.e. immediate after plowing and 12 hours later, on various maize (Zea mays L.) hybrids. For this purpose, two fields were selected, one for daytime plowing and other for night time plowing. Night plowing was done at 10.00 p.m. while daytime plowing at 8.00 a.m. Furthermore; half of the plowed field was sown immediately after plowing and the rest, 12 hours later in both plowing treatments. Three hybrids of maize i.e. Monsanto-2021, Rafhan-3313 and Rafhan-3304 were planted in each field under randomized complete block design with four replications. All standard agronomic practices were adopted during the experiment for all treatments. All the observed parameters were significantly affected by plowing time, while sowing time had no impact. Generally, a significant interaction among plowing and sowing time was observed for the recorded parameters. Early emergence (7 days) was observed for the field plowed at night. Plowing the field at usual daytime delayed emergence (9 days). Delayed tasseling (52.9 days), delayed silking (58.6 days), larger leaf area (850 cm 2 ), delayed maturity (114 days), taller plants (271cm), greater stover yield (12328 kg ha -1 ) and accelerated crop growth rate (24.98 gm -2 .day -1 ) were recorded for the field plowed at night. There were also significant differences among various hybrids, where Monsanto-2021 delivered better results. Plowing the field at night proved superior in term of crop growth rate as compared to the field plowed at usual daytime. Night plowing is recommended to increase vegetative performance of maize. Sowing can be done immediately after night plowing or on the subsequent day of plowing. Hybrids particularly, Monsanto-2021 is recommended for better performance.
Introduction Maize (Zea mays L.) belongs to family Poaceae. It is one of the leading cereal crops grown in all districts of Khyber Pakhtunkhwa. Mansehra and Buner valley are equally famous for maize cultivation. It might be due to the regional farming system, climatic conditions and its consumptive demand for grains [1] . The existing maize yield is quite low in the whole province. The major hurdle of this low yield is high weeds infestation. Weeds compete with maize for space, light, nutrients as well as water. High rainfall further restricts its eradication at proper stage of the crop growth. Dormancy is a state of inhibiting germination of a viable seed even if climatic conditions are favorable. It could be due to seed coat characteristics, embryo characteristics and presence of inhibitors or unavailability of light. Most of weed seeds belong to family Poaceae and by exposing its seeds to light could break the dormancy. Plowing land at day time in hot summer not only breaks the dormancy of weed seeds but also expedite the process of weed germination [2] . The already existed weed seeds are relatively turgid and start germination when exposed to light during the plowing. In comparison to that of main crop, the early weed establishment is mostly common in all fields. This enables weeds to dominate on the main crops in early developmental phase. Soil preparation in the absence of light (at night) has not only reduced weeds emergence rate but also allow the main crops to germinate relatively early by providing sufficient moisture to the main crop and particularly to the maize which has larger seeds and are planted in extreme hot months of the summer. Plowing in night also has an advantage to conserve unusual moisture losses from the field, which enables the maize to complete germination process faster with minimum duration than plowing in daytime. Maize seeds are relatively larger and needs sufficient moisture to complete germination. Summer in Khyber Pakhtunkhwa is relatively hot and creates considerable loss of soil moisture if fields are plowed at normal daytime. Field preparation in night might ensure sufficient moisture to the crop to complete the process of germination. This result optimum seedling emergence and ensure optimum plant stand and hence reflected greater production [3] . To know the effect of plowing management on seedling emergence, vegetative performance and plant growth rate along with plant stand at harvest were the main objectives of the study.
Materials and methods
The experiment entitled "Evaluation of Vegetative Performance of Maize with Plowing Management at Buner" was conducted at Buner in summer (Kharif season) 2014. The experiment consisted of two plowing time i.e. in dark (at night) and in sunlight (at day). Furthermore; half of the plowed field was sown immediately after plowing and the rest, 12 hours later in both plowing treatments. For this purpose, two fields were selected, one for day time plowing and other for night time plowing. Night plowing was done at 10.00 p.m. while day time plowing at 8.00 a.m. The plowing and sowing time was adjusted according to the following schedule. Days to 50% tasseling Data on days to 50% tasseling was recorded when more than 50% plants developed tassels in each treatment. Days were counted from sowing till the completion of 50% tassels. Days to 50% silking Data on days to 50% silking was recorded when more than 50% plants developed silks in each experimental unit. Days were counted from sowing till the completion of 50% silks. Leaf area of the cob bearing node near maturity (cm 2 ) Three plants were randomly selected in each treatment and harvested. Their cob's bearing leaves were detached. The length of each leaf as well as width at six different points was measured. The mean of each leaf's width was calculated and leaf area was determined as: Leaf area = length × mean width Plant height (cm) Height of three plants in each treatment was measured at maturity from soil surface to the tip of plant by using a measuring tape and the average plant height was calculated.
Plowing

Days to maturity
Data on days to maturity was recorded from the date of sowing till the physiological maturity, when harvest was done. Stover yield (kg ha -1 ) Stover yield (St yield) was recorded from the two central rows harvested for grain yield. The stovers were dried in the sun. Their sundry weight was recorded and converted to stover yield kg ha -1 by using the following formula. Table 1 . Statistical analysis of the data showed that plowing and sowing time (PS) had significantly affected days to emergence. There was no significant difference among the hybrids (H) and their interaction with plowing and sowing time (PSxH) for days to emergence. The delayed (9 days) emergence was observed when the field was plowed at usual daytime and sown immediately, followed by the same field sown 12 hours later which took 8 days to emerge plants. The quickest emergence (6 days) were recorded when the field was plowed at night and sown immediately. The manipulation of ANOVA indicated that the significant response of emergence was due to plowing time while sowing time had no effect. Furthermore, there was significant interaction between plowing and sowing time. The planned means comparison among plowing time showed that night plowing generally accelerated emergence (7 days) compared to daytime plowing (9 days). Statistical analysis of the data showed that plowing time had significantly affected days to emergence while sowing time had no effect. The delayed emergence was observed when the field was plowed at usual daytime. The quickest emergence was recorded when the field was plowed at night. A significant interaction was observed between plowing and sowing time for days to emergence. Night plowing and immediate sowing speeded up the emergence. The early emergence might be due to the availability of sufficient moisture to the crop and in particularly to the maize which has larger seeds and are planted in extreme hot months of the summer i.e. June and July. Plowing in night also has an advantage to conserve unusual moisture losses from the field which enables particularly the maize to complete germination process faster with minimum duration than plowing in daytime. Our results indicate that sowing at dark accelerated the emergence which could be due to the effect of temperature. It seems that comparatively low temperature of night at sowing followed by a spell of 12 hours cool situation probably responsible for the initial boost of germination. [6] reported that optimum temperature for germination is 20-25°C. 
Emergence per unit area (m -2 )
Data concerning emergence per unit area of various maize hybrids as affected by plowing and sowing time is presented in Table 2 . Analysis of variance of the data showed that plowing and sowing time (PS) and their interaction with hybrids (PSxH) had significantly affected emergence per unit area. There was no significant difference for per unit emergence among different hybrids. More emergence (8.75 plants m -2 ) was recorded for the field plowed at night and sown immediately, followed by (7.92 plants m -2 ) the same treatment sown 12 hours later. The lower number of plants (5.50 plants m -2 ) was recorded for the field plowed at daytime and sown immediately. The interaction between plowing and sowing time and hybrids (PSxH) showed that generally emergence per unit area was more for all the hybrids when the field was plowed at night and sown immediately, followed by the same field sown 12 hours later. The lowest emergence per unit area was recorded for all hybrids when the field was plowed at usual daytime and sown immediately.
The detailed study of the ANOVA revealed that the significant difference among emergence per unit area was the result of plowing time while sowing time had no effect. The planned means comparison among plowing time showed that more number of plants (8.33 m -2 ) was recorded for the field plowed at night while lower number of plants (5.71 m -2 ) for the field plowed at usual daytime. The interaction of plowing and sowing time (PxS) affected emergence significantly which showed that the field when plowed at night and sown immediately produced more plants per unit area compared to daytime plowing and immediate sowing. Emergence per unit area is considered an important agronomic and physiological parameter that determines the vegetative stand of crop. It is generally believed that good crop stand is a prerequisite for higher yield. The data revealed that plowing time had affected emergence per unit area significantly. The effect of different sowing times was not significant. More emergence m -2 was recorded when the field was plowed at night. Similarly, the lower number of plants m -2 was recorded for the field plowed at usual daytime. The interaction of plowing and sowing time affected emergence significantly which showed that the field plowed at night and sown immediately produced more plants m -2 compared to daytime plowing and immediate sowing. It might be due the reason that maize seeds are relatively larger and in order to complete germination needs sufficient moisture for imbibition. Field preparation in night might favors to conserve moisture and ensure sufficient moisture to the crop to complete the process of germination. This resulted optimum seedling emergence and ensured optimum plant stand and hence reflected greater production. Summer in Khyber Pakhtunkhwa is relatively hot and creates considerable loss of soil moisture if fields are plowed at normal daytime. Furthermore, the temperature at sowing time has a vital role in germination. Very low or high temperature significantly affects the germination. Sowing in dark probably provided proper temperature for the activation of enzyme responsible for germination, resulting in greater emergence per unit land area. [7] reported that emergence is the result of imbibition and enzyme activation. [6] reported that a proper range of temperature is crucial for germination, above or below which germination is affected. Table 4 . Analysis of the data showed that plowing and sowing time (PS) showed significant effect on days to 50 % silking. There were no significant differences in days to 50 % silking among the hybrids. There was also no interaction between plowing and sowing time and hybrids for days to 50 % silking. The delayed silking (58.8 days) was observed when the field was plowed at night and sown immediately, followed by the same treatment sown 12 hours later which took 58.4 days to 50 % silking. Early development of silks (57.6 days) was seen in the field plowed at usual daytime and sown immediately. The splitting of the ANOVA provided detailed information about the effect of plowing and sowing time. The field plowed at night took more days to develop silks than the field plowed at usual daytime. Sowing time and their interaction with plowing (PxS) had also no effect on days to 50 % silking. It was known from the planned means comparison that delayed silking (58.6 days) was recorded for the field plowed at night while early silking (57.7 days) for the field plowed at usual daytime. Days to 50% tasseling and silking are considered as the termination of vegetative stage and start of reproductive cycle in maize. The data illustrated that plowing time had significantly affected days to 50% tasseling, 50% silking and maturity. There was no contribution of sowing time for these observations. The field plowed at night took more days to tasseling, silking and maturity. Early tasseling, silking and maturity were recorded for the field plowed at usual daytime. Such responses could be due to quicker emergence (Table 1 ) and more number of plants per unit area ( Table 2) . Weeds free fields seem to be the most important contribution to prolong the vegetative cycle, resulting in delayed tasseling, silking and maturity. These results are in accordance with [9] who reported that number of days to tasseling, silking and maturity was increased in weed free plots as compared to control plot which was not weeded throughout the growing period of maize. 2 ). The interaction between plowing and sowing time and hybrids (PSxH) showed that usually leaf area was larger for all the hybrids sown immediately after plowing the field at night, followed by the same field sown 12 hours later. The smaller leaf area was recorded for all hybrids when the field was plowed at usual daytime and sown immediately. The ANOVA showed that plowing time and the interaction of plowing and sowing time (PxS) had significantly affected leaf area. The interaction of plowing and sowing time revealed that sowing the field immediately after plowing at night gave better results in term of leaf area compared to sowing immediately after plowing at usual daytime. It was observed from the planned means comparison that larger leaf area (850 cm 2 ) was recorded for the field plowed at night and smaller (821 cm 2 ) for the field plowed at usual daytime.
Leaf area is considered important for capturing sun light. Leaves are photosynthetic machinery of the plants. The data indicated that plowing time significantly affected leaf area. Larger leaf area was recorded for the field plowed at night. Smaller leaf area was recorded for the field plowed at usual daytime. The interaction of plowing and sowing time revealed that sowing immediately after plowing the field at night gave better results in term of leaf area compared to sowing immediately after plowing at usual daytime. Such outcome could be the result of optimum moisture at the time of germination which resulted strong seedlings and good emergence. The plots which produced larger leaf area might have ensured optimum availability of nutrients because of fewer weeds in those plots.
[10] reported that total shoot yield of maize was reduced significantly when weeds were present after the crop had developed 7-8 leaves.
[11] studied that weed competition up to 20 days from sowing significantly reduced the number of maize leaves per plant. Generally high yielding varieties have broad leaves. Such results are in accordance with [12] who concluded that high yielding varieties tended to be upright with broad leaves than low yielding cultivars. Table 6 . Analysis of the data showed that plowing and sowing time (PS) and their interaction with hybrids (PSxH) had significantly affected plant height. There were also significant differences in height of various hybrids. Taller (273 cm) plants were observed when the field was plowed at night and sown immediately, followed by (269 cm) the same field sown 12 hours later. Shorter (259 cm) plants among different treatments were recorded for the field plowed at usual daytime and sown immediately. More height (271 cm) was recorded for H1, followed by H2 (266 cm) and H3 (261 cm). The interaction between (PSxH) indicated that in general all hybrids were taller when sown immediately after plowing at night, followed by the same treatment sown 12 hours later. The shorter plants were recorded for the field plowed at daytime and sown immediately. The ANOVA ---** ** = Significant at 1 % level of probability, NS = Non-significant
Days to maturity
Data on days to maturity as affected by plowing and sowing time is provided in Table 7 . Analysis of the data showed that plowing and sowing time (PS) and their interaction with hybrids (PSxH) had significantly affected days to maturity. Days to maturity were also significantly different among various hybrids.
The field plowed at night and sown immediately delayed the maturity (115 days), followed by (113 days) the same field sown 12 hours later. The earlier maturity (110 days) was observed for the field plowed at usual daytime and sown immediately. More days (114) to maturity were recorded for H1, followed by H2 (112 days) and H3 (111 days). The interaction of plowing and sowing time and hybrids (PSxH) indicated that all hybrids matured late when sown immediately after plowing at night, followed by the same field sown 12 hours later. Similarly, all hybrids matured earlier when sown immediately after plowing the field at usual daytime. The detailed interpretation of the ANOVA clarified that the significant differences in days to maturity were due to plowing time while sowing time had no effect on maturity.
The ANOVA also revealed that the interaction between plowing and sowing time (PxS) had significantly affected days to maturity. Delayed maturity was recorded in those treatments which were plowed at night and sown immediately compared to those which were plowed at daytime and sown immediately. Observations obtained from the comparison of planned means showed that late maturity (114 days) were recorded for the field plowed at night and early maturity (111 days) for the field plowed at daytime. Table 8 .
Analysis of variance of the data verified that plowing and sowing time (PS) had significantly affected stover yield. The analysis also validated that the interaction of plowing and sowing time and hybrids (PSxH) was significantly different regarding stover yield. The variations in stover yield amongst various hybrids were also significantly different. Highest (12544 kg ha -1 ) stover yield was recorded for the field plowed at night and sown immediately, followed by (12111 kg ha -1 ) the same field sown 12 hours later. Lowest (11321 kg ha -1 ) stover yield was recorded for the treatment plowed at usual daytime and sown immediately. The data also proved that more (12670 kg ha -1 ) stover yield was recorded for H1. The interaction of plowing and sowing time and hybrids (PSxH) indicated that highest stover yield was obtained by all hybrids when sown immediately after plowing at night, followed by the same treatment sown 12 hours later.
All hybrids attained least stover yield when sown immediately after plowing at usual daytime. The ANOVA table shows that differences in stover yield were the consequence of plowing time. Sowing time had no impact. The interaction of plowing and sowing time (PxS) resulted significant variation in stover yield. Results of the planned means comparison demonstrated that more (12328 kg ha -1 ) stover yield was recorded for the field plowed at night while least (11484 kg ha -1 ) for the field plowed at usual daytime. Stovers are used as fodder which is an additional advantage of growing maize. Stover yield was significantly affected by plowing time. Highest stover yield was recorded for the field plowed at night. Lowest stover yield was recorded for the treatment plowed at usual daytime. The interaction of plowing and sowing time resulted significant variation in stover yield. The main reason of higher stover yield could be lower weeds infestation.
[9] reported that stover yield was increased 8.7 % in the plots weeded 30 days after emergence as compared to the control plot. ). The interaction of (PSxH) revealed that faster CGR was observed, for all hybrids, when sown immediately after plowing at night. The slowest CGR was recorded for all hybrids when the field was plowed at daytime and sown immediately. The detailed study of the ANOVA indicated that the faster CGR was the outcome of plowing time while sowing time had no effect. The interaction of plowing and sowing time resulted significant variation in CGR. Planned means comparison showed that faster CGR (24.98 gm -2 .day -1 ) was recorded for the field plowed at night. The slowest CGR (24.12 gm -2 .day -1 ) was recorded for the field plowed at usual daytime. CGR is the function of genetic makeup of a crop as well as environmental conditions. The data revealed that plowing the field at night accelerated the crop growth rate. The interaction of plowing and sowing time resulted significant variation in CGR. Sufficient availability of growth factors ensured maximum crop growth rate. CGR was higher because moisture and nutrients were optimum for crop growth. Weeds infestation was also less in the plots plowed at night and availability of all the contributing factors was sufficient.
[13] found that weed cover in intensively cultivated land in North Bavaria (Germany) could be reduced from 80-2 % if cultivation was carried out during darkness. 
